Background: Surgeons have been successfully handle with spinal tuberculosis via conservative or surgical treatment. However, There are quite few classifications or scoring systems concerning spinal tuberculosis to guide the surgeons to manage the complicated pattern of spinal tuberculosis. The purpose of this study is to design a practical, yet comprehensive, severity scoring system for spinal tuberculosis that helps in clinical decision-making in terms of the need for operative versus non-operative management.
scoring system may help to improve the communication among spine surgeons. Further studies are needed to determine the reliability and validity of this system.
Background
Spinal tuberculosis is the most common type of bone and joint tuberculosis. With the deep understanding of treatment for spinal tuberculosis and the application of anti-tuberculosis drugs since 1940s, the cure rate of spinal tuberculosis has significantly improved 1 .
Surgery is mainly applied to handle the complications caused by tuberculosis. However, due to the diversity and complexity of spinal vertebral destruction shown via imaging, divergence occurs among spine surgeons concerning the choice of treatment options. In addition, consensus concerning the indications for both conservative treatment and combination of drugs and surgery cannot be reached.
Although several classification systems for spinal tuberculosis have been described and promoted 2− 7 , they remain controversial and have not gain universal acceptance. There is no widely accepted classification system partly due to the following factors. Firstly, application, validity and reproducibility of certain systems are difficult in clinical practice.
Secondly, these classification systems fail to comprehensively take into account characteristics including element compressing the spinal cord, stability of spine, predictors of spinal deformity, severity of neurological deficit and efficacy of antituberculosis (TB) drugs. Thirdly, these types of classifications do not cover all the complexity, variability and different anatomical features of spinal tuberculosis. Meanwhile, with the arise of techniques including percutaneous puncture drainage via the ultrasound or CT guiding in the treatment of para-spinal or psoas tuberculosis abscess 8 , and the effective use of negative pressure wound therapy in treating tuberculosis sinus 9 , abscess and sinus are not the main factors that determine the surgical approach.
Thus, this retrospective study aims to present a novel and clinically useful severity scoring system to assist spinal tuberculosis management. We evaluate patients with spinal tuberculosis treated with different methods. Experts of spinal tuberculosis surgeon from our institutes were gathered to discuss the pivotal characteristics for clinical judgment and decision-making in treatment of spinal tuberculosis ( from lower cervical segments to lumbar segments ) .
Methods
A group of 129 cases with adult spinal tuberculosis ( from C3 to L5 segments ) were treated successfully via conservative anti-TB drugs or surgery and were followed up for at least 2 years. There were 70 male and 59 female patients, aging from 21 to 67 years old.
Clinical and imaging data of these patients were retrospectively viewed by spine specialists from our institutions.
The data obtained from the enrolled patients were reviewed and discussed at several meetings by a total of 6 surgical spine experts from two affiliated centers of Chinese People's Liberation Army General Hospital. The experts polled for characteristics of spinal tuberculosis, which they considered to be pivotal in clinical judgment and decision-making for current treatment in order to provide a framework for a new functional spinal tuberculosis classification system. By consensus, the classification system was restricted to include: 1) the stability of spine, 2) the severity of neurological deficit, 3) the efficacy of the anti-tuberculosis drug therapy, 4) flexibility to develop through future clinical research, 5) usefulness in prospective studies, and 6) the reproducibility.
After consensus was reached on the structure of the new classification system, 20 cases among the included patients were reviewed again by members of our institution to ensure the elimination of any remaining apparent limitations and to understand the initial reliability and validity of the new classification for spinal tuberculosis.
Results
Among all 129 cases in this study, 35 cases were cured under conservative treatment, while 11 cases underwent surgical treatment ultimately after failure of conservative treatment and the left 83 cases underwent anterior, posterior or combined surgical approach at the first visit. The detail of patients were shown in Table 1 . Severity scoring system is based on the retrospective analysis of the 129 patients who were treated medically and surgically. Three major variables were identified critical to clinical decisionmaking in spinal tuberculosis:
1.
The stability of spinal infectious segments, which includes the kyphosis angle and "risk factors", determined by imaging appearance;
2.
Neurologic status, which includes the cause of the spinal cord injury and the severity of spinal cord deficit
3.
The efficacy of the anti-tuberculosis drug therapy. These three main characteristics were thought to be largely independent predictors of clinical outcome. Within each of the three categories, subgroups were identified and arranged from least to most significant. The three major components of the severity scoring system and their subgroups are described as follows. 
Stability of spinal tuberculosis:
Two elements including kyphosis angle and "risk factors" for progression of kyphosis were both used to assess the stability of spinal tuberculosis (Table 2) . Table 2 Assessing the stability of infectious vertebral segments 
Neurologic Status
In assessing neurologic status, both neurologic function and mechanical compression of spinal cord or nerve root play an important role in the choice of treatment (Table 3) . Thus, it comprises one of the three main characteristics in this classification algorithm. 
Anti-TB Drugs
Effective anti-TB drugs are the mainstay of treatment for spinal tuberculosis. Many reports have shown that conservative therapy alone can achieve excellent results in patients without severe kyphosis deformity or paraplegia 12, 13 . Thus, drug therapy is important to spinal classification and treatment algorithms. Multidrug anti-tubercular treatment is essential with the first-line drugs including isoniazid, rifampicin, pyrazinamide, ethambutol, or streptomycin. It should be noted that evaluating the efficiency of anti-TB drugs in this study include not only the function of anti-TB bacillus,but the improvement in neurological status and the progression of kyphosis.
Efficacy of anti-TB drugs is categorized as "improvement", "nonresponse" and "deterioration" (Table 4 ). This assessment can be made from carefully comparing the patients' clinical data at the first visit (before using anti-TB drugs) with those following for at least 2-4 weeks later (after using anti-TB drugs for at least 2-4 weeks). Patients' clinical data includes symptoms, physical examination, erythrocyte sedimentation rate (ESR), signs of plain film, CT, and MRI images. Table 4 Evaluation of anti-tubercular drug therapy efficacy First visiting Follow-up Points Improvement
The The "deterioration" is defined as the worse of neurological deficit or (and) the increase of kyphosis angle above 10° according to the clinical signs and imaging data at any follow-up time comparing to previous data.
The severity scoring system for spinal TB
A comprehensive severity scoring system is calculated based on the three major characteristics to assist in determining treatment. Each subgroup in the three main variables has a numerical value associated with it in order to provide a comprehensive severity score. One to five points (1 point considered as least severe; 5 points as most severe) are assigned to reflect the degree of severity of the spinal mechanical stability or neurologic deficit. For the cases with multiple contiguous or noncontiguous infectious segments of spine, only the most severely involved segment is scored.
1.
Cases with kyphosis angle <30° but without signs of "risk factors" for progression of kyphosis are assigned as 2 points. Cases with kyphosis angle <30° and signs of "risk factors" are assigned as 4 points. The kyphosis angle >30° without signs of "risk factors" is assigned 3 points, while the kyphosis angle >30° with signs of "risk factors" is assigned 5 points ( Table 2 ).
2.
A patient with an intact neurologic examination is assigned 0 point. AIS D and (or) radicular pain caused by single-segment epidural abscess compression is given 1 point; AIS D caused by the mechanical compression of tubercular debris and caseous tissue is assigned a score of 2 points, while caused by kyphotic vertebral body, sequestrum or(and) extensive multi-segment epidural abscess is assigned 3 points. AIS A, B or C is given 4 points (Table 3 ).
3.
"Improvement" (follow up for at least two weeks) is assigned 1 point. The "nonresponse" is assigned 2 points, while the "deterioration" is assigned 3 points (Table 4 ).
How to apply this severity scoring system
1.
A comprehensive severity score of 4 or less suggests a conservative treatment that includes essential anti-TB drugs, wearing brace, etc.
2.
While a total score of 6 or more should consider surgical intervention.
3.
A score of 5 might be treated either conservatively or surgically.
It should be clear that when patients visit for the first time, the anti-TB treatment is valid by default, that is, the subgroup ("Improvement") score is 1 point ( Table 4) The kyphosis deformity is a serious and common complication of spinal TB. Severe kyphosis can lead to late-onset paraplegia and dysfunction of lung, which could be avoided through early surgical correction of the kyphosis 17 . In the cases with kyphosis angle less than 30° in adults, no additional progression will occur after successful conservative treatment 18 . Another study with a 10-year follow-up shows that when the kyphosis deformity is above 30°, conservative treatment can still lead to malformation with the angel eventually reaching 50-73°1 9 . This indicates that the development of malformations is more likely to occur with kyphosis above 30°2 0 . Based on these evidences reported from literatures, kyphosis angle above or below 30° is considered as an important element to predict the progression of deformity, furthermore as an important component of the severity scoring system .
However, it is not comprehensive to assess the final malformation solely based on the kyphosis angle. From cases in our study, although many have a kyphosis angle less than 30°, some of them still have high risks for severe malformation after cure due to lordosis at cervical and lumbar spine and the relatively stable structure of the rib cage at thoracic segments. Thus, it is necessary to consider a more reliable method of predicting kyphosis progression in addition to the kyphosis angle. Unfortunately, there is still no single reliable standard for predicting the development of kyphosis. Singh R et al. 21 found that Rajasekaran's formula for predicting malformation based on vertebral height loss could not predict the final progression of kyphosis. Jutte P et al. 22 enrolled patients with malformations less than 40°; predicted kyphosis based on the proportion of anterior and posterior height loss of the vertebral body and the location of the lesion and found that the positive rate was only 38%. Therefore, the severity scoring system is undertaken with these limitations in mind and considers not only kyphosis angle but "risk factors" ( Table 2) to assess the severity of vertebral segment destruction. Part of these "risk factors" are and patients with AIDS, patients' age, and even general health, etc. The impact of these influencing factors on guiding treatment decisions cannot be objectified but must be considered when weighing the benefits of various treatment as a whole. In the same setting, a surgeon's experience with a given surgical approach cannot be superseded by the principles of surgical approach mentioned above, because different approaches have been proved successfully to treat spinal TB 29 .
Study Limitations
There still exist some limitations in this classification system. Firstly, the system is based on the retrospective study and experts' experience; hence multi-center and prospective studies are needed to further validate this classification system. Secondly, further estimation of intra-observer and inter-observer reliability is required to help objectively define how the severity scoring system will perform in practice.
Conclusions
The severity scoring system stems from abundant clinical experience and comprehensively takes into account the severity of spinal instability, neurological dysfunction and efficacy of anti-TB drugs. It applies anticipated outcomes to recognize the spinal TB patterns through its numerical weighting system to guide the treatment plan. To our knowledge, no classification system published has integrated treatment algorithms for patients with spinal TB. We believe that the classification scheme and severity score can be useful to guide clinical management. The severity scoring system is suited for spinal TB with different anatomical features, lesions locating at lower cervical, thoracic and lumbar spine but not the atlantoaxial segments. It is also suitable for guiding rare spine attachment TB.
We hope that the severity scoring system will help to create a language common for those who treat spinal TB to promote efficient and reliable communication. Consent for publication we can use your institutional consent form.
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Figure 4
A cervical tuberculosis in a patient .Kyphosis angle<30°and with "risk factors" of progression at C6-7 segment (4 points),because of C6 vertebra loss more than 0.75 vertebral bodies (Red Arrow), AIS C (4 point), and effective anti-tuberculosis drugs (1 points). All above gives 9 total points; thus, the treatment recommendation is surgery.
Figure 5
A cervical-thoracic tuberculosis in a patient. Kyphosis angle<30°with "risk factors of progression" because the lesion located at cervical-thoracic segments(4 points), AIS C (4 points), and effective anti-tuberculosis drugs (1 points) ,all these give 9 total points; thus, the treatment recommendation is surgery. A patient without neurological deficit. Kyphosis angle>30°without "risk factors of progression" (5 points), normal neurological function (0 points), and effective anti-tuberculosis drugs (1 points) gives 6 total points; thus, the treatment recommendation is surgery.
Figure 10
A spinal tuberculosis in a patient without neurological deficit. Kyphosis angle>30°with "risk factors of progression" because the lesion located thoracolumbar junction and collapse of vertebral segment (5 points), normal neurological function (0 points), and effective anti-tuberculosis drugs (1 points) gives 6 total points; thus surgery is recommended. Figure 11 (a, b) A spinal tuberculosis in a patient without neurological deficit. Kyphosis angle<30°with "risk factors of progression" because the lesion located thoracolumbar junction (4 points), normal neurological function (0 points), and effective anti-tuberculosis drugs (1 points) gives 5 total points; thus, conservative treatment is chosen. (c, d) However after 8 weeks , re-evaluating according to STCS system was done, the kyphosis angle increased more than 10°, "deterioration" after anti-tuberculosis drugs treatment (3 points), hence the total points changed from 5 to 7, surgery is recommended.
Figure 12
A spinal tuberculosis in a patient with radicular pain. Kyphosis angle<30°with "risk factors of progression" because infectious segment accumulatively lose more than 0.75 percent of vertebrae (4 points), radicular pain and mechanical compression is tubercular debris and caseous tissue (2 points), and effective antituberculosis drugs (1 points) , all these give 7 total points; thus, the treatment recommendation is surgery.
